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(54) Anti-relteclion film and prooess lor the preparation of the same 

(57) An anti-refledlon film comprises a transparent 
support and a low refractive index coating l^er. The low 
refractive index coating layer has a refractive index 
lower lhan a refractive index of Ihe support The low 
refractive index coating ta/er has an essentially unifomi 
thickness, while the layer has a surface roughness in 
terms of an arithmetic mean (Ra) in the range of 0.05 to 
2 urn. 
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Dascrlptlon 

FIIEM?QFTHg INVENTION 
ff [0001] TTie present invention relates to an antkefte^ 
BACKeRPMNP OF THE INVENTION 

[0002] Anti-reflection fHms are used in varioiis display devices such as a liquid crystal display device (LCD), a plasma 
10 display panel (PDP), an electroluminescence display (ELD}, and a cattiode-ray tube (CRT). Further, lenses of glasses 
or cameras genemily l^e tiie Anti-reflection filme. 

[0003] As an anti-reflection film, a multi-layered film comprising plural transparent metal codda layers superposed one 
on another has been widely employed. The plural transparent metal oxide teyers tower reflections of light In a wide 
wavelength region. TTie layers are fornied by chemical vapor deposition (GVD) process or pliysical vapor deposition 

15 (PVD) process (especially, vacuum deposition process). 

[0004] On a support having a rough surface of anti-glare coating, an anti-reflection fdm is often Ibrmed by PVD proc- 
ess. This fOm reduces the transmittance of paraOel rays as compared with a film provided on a smooth support In spite 
of tfat, since the roughness on the support scatters light to prevent the fOm from reflecting tiie surrounding scene, a 
device equipped with that film can display a remarkably improved image. 

20 [0005] Although the transparent metal oxide layers thus give an anti-reflection fOm having the exceBent optical char- 
acteristics, the deposition process has insufficient productivity tor mass-production. 

[0006] In place of the deposition process, it Is proposed to apply a coating liquid containing inorganic fine particles to 
prepare an anti-reflection film. 

[0007] Japanese Patent Publication No. 60(1985)-59^0 describes an anti-reflection fDm comprising fine holes and 
25 inorganic fine particles. The film is formed by appi^ a coating iiquti, and tiie fomied fdm is subjected to active gas 
treatment. Throuigh the treatment the gas escapes from the film to form the fine holes. 

[0008] Japanese Patent Provisional Pii^fication No. 59(1984]-60401 describee an anti-reflection film comprising a 
support, a high refractive index layer and a low refractive index layer superposed in this order. The putslication also dis- 
closes an anti-reflection film further comprising a middle refractive index layer provided between the support and the 
30 high r^ractlve index layer In each fUm, the low refractive index layer is formed by applying a coating liquid containing a 
polymer or inorganic fine particles. 

[0009] Japanese Patent Provisional Publication No. 2(1990)-245702 discloses an anti-r^l^ion film comprising two 
or more lands of miao particles (for example, Si02 and MgF2). The mixing ratio of the particles varies in the thickness 
direction so that the refractive index may gradually vary along the thicknees. The film having that ^ucture has optical 

X characteristice similar to those of the film in No. 59(1 984}-5040l , which comprises both high and low refractive index 
layers. In the film of No. 2(1990)-245702, the miao particles are combined wftii Si02 formed lay thermal decomposition 
of ethyl silicate, in the thermal decomposition, the elhyl part of ethyl silicate is burnt to evolve carbon dioxide and water 
vapor. The produced carbon dIoxMe and water vapor escape from the fUm to form voids among the iincro partides (as 
shown in Figure 1 of the Publication). 

40 [0010] Japanese Patent Provisional Publication No. 5(1993)-13021 discloses an anti-reflection film in wtiich the voids 
described in Na 2(1 990)-245702 are filled with a binder. 

[0011] Japanese Patent Provisional Publication f^. 7(l995)-4d527 disck)8es an anti-reflection film containoig a 
binder and Inorganic fine partides of porous silica. 

[0012] In order to reduce glare of a wet-type anti-reflection film, the above-descrSbed process m which the fdm is 
46 formed on a rough support and the process in which matting partides are added into the coating liquid were thus devel- 
oped and proposed. However, in the former procees, tiie coating liquid appDed on convex parts of the rough surface 
flows into concave parts to form a layer having an uneven thickness. Consequently, the resulting film pooriy reduces 
reflection as compered with a fUm formed on a smooth surface. On the other hand, in the latter, it is needed to incorpo- 
rate the matting partides having sizes of about 1 lon or more into a thin film having a tiiickness of 0.1 to 0.3 pm, and 
so accordingly the partides are apt to defect from the film. Therefore, an anti-reflection fOm having both sufficient film 
sb-ength and satisfying anti-glare perlbrmance had been hardly produced by applying a coating liquid. 

SUMMARY OF THE INVENTION 

55. [001 3]. The present Inventors have studied a low refractive Index coating layer comprising Inorganic fine partides. The 
study revealed that the refractive index of tiie layer can be lowered by micro voids contained ih^dn. By piling up two 
or more inorganic fine particles in the layer, the mm voicfe can be formed among the particles. The voids remarkably 
decrease the refract index of the layer. In the anti-reflection film disdosed in Japanese Patent Publication No. 
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2(1990)-245702, are Ibrmed among the fine partidee. However, although the Publication suggests the voids 

among the part des in Rgure 1 . rt is silent on the optical characteristics of the voids. Further, a low refractive index layer 
containing the voids generally has In^jffident medianical strength. Since the lew refractive Index layer Is often placed 
on the screen ol image display device or the outer surface of lens, the layer needs to have enough strength. The film 
5 disdosed In Japanese Patent PiMcation Na 2(1990>245702 siisstantlaily consists of only Inorganic compounds, and 
hence It is f^ but very fra^le. 

[0(h4] Japane^ Patent Provisional Publication Na 5(1^)-13021 disdoses an anti-feflectbn film in which the voids 
are filled with a binder. According to the study of the inventor, thai fOm has sufTident strength, but the voide filled with 
the binder can not satisfyingty lower the refractive Index d the ta^ 

70 [Otn 5] The inventors have further studied the method for redudng glare of a wet-type anti-reftedion fflm so thmt the 
film may not reflect the surrounding scene. According to the study, it is preferred to perform an anti-glare treatment after 
a film B Ibrmed from a coating liquid. In detail, the preferred method comprises the steps of fbmiing the film by applying 
a coating liquid, and then roughening at least one surfiace of the transparent support by external force. The study of the 
Inventor revealed that this method gives an anti-reflection film having both suffident mechanical strength and excellenl 

75 anti-gbre performance. 

[0016] An object of the present invention is to provide an anti-reflection film which comprises a tow refractive index 
layer formed l^om a coaling liquid and which has excellent anti-reflection and anti-glare performance comparable to thai 
of the film comprising the layer formed by deposition process. 

[OtMT] Another object of the invention is to provide a process for the preparBtlon of an anti-reflection film, by which 
20 roughness comparable to that on the layer Ibrmed by deposition process can be given without impairing the anti-reflec- 
tion performance onto the layer formed from a coating liquid. 

[0018] The present invention provides an anti-reflection film comprising a transparent support and a low refractive 
index coating layer having a refractive index lower than a refractive index of the support, wherein the low refractive index 
coating layer has a surface roughness in terms of an arithmetic mean in the range of 0.05 to 2 |im, and wherein the low 
25 refractive index coating layer has an essentially urtiformthidoiess. 

[0019] The invention also provides a process for the preparation of an anti-reflection film comprising 4ie steps of: 

coating a coating solution on a transparent si^^port to fonri a low refractive index layer; and then 
embossing the low refractive index layer to form a rough surface on tiie low refractive IrKiex layer. 

[0020] The inventor had ^udled the method for forming the anti-glare roughness without using matting partides on 
the Ijayer prepared from a coating Gquid. and found that the n)ughne88 can be easily formed by embossing treatment 
without degrading the uniform thickness of tiie layer. Accordingly, alttiough tiie anti-reflection film of tite invention com- 
pr&es a low refractive index layer formed from a coating liquid, it has excellent anti-reflection and anti-glare perform- 
35 ance comparable to that of the film comprising the layer formed by depo^on process. 

[0021 ] The anti-reflection film of tiie invention can be easily produced by the process conprising the steps of applying 
a coating liquid and performing embossing treatment, and hence is suitable for mass-production in contrast tD the film 
produced by deposition process. 

[0022] The film of tiie invention effectively prevents the display screen from reflecting light and tiie sunwnding scene. 

40 

BRIEF DESQRIPTION OF THE DRAWINGS 
[0023] 

45 Fig. 1 is a sectional view schematicalty illustrating an anti-glare treatment for the anti-reftectfon film. 

Fig. 2 schematically shows a cross-sectional view of an example of the low refractive Index tayer In the anti-reflec- 
tion film. 

Fig. 3 shows various layered structures of the anti-reflection fOm. 
so DETAILED DESCRIPTION OF THE INVENTIQN 

[0024] By referring to the attached drawings, basic compositbn of the anti-reflection film is e)9lained bdw. 
[Anti-glare treatmenQ 

S5 

[0025] Rg. 1 shows an example of the anti-glare treatment for a wet-type anti-reflection fOm fi e., a fOm fonned from 
a coating liquid). In Rg. 1. an anti-reflection film (1) is pressed between an embossing roD (4) and a badi-up rofl (5) to 
roughen the surface on tiie anti-reflection layer (3) sida Thus, tiie anti-glare treatment c»n be carried out without harm- 
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^' ing Hie anti-ref lection performance of the fflm. 

[002^] WHh respect to the essentially unHbrm ttiickness of the layer, the aOowance depends on the nijiTt)er of inter- 
ferenoe layers and design of the film. For example, if low, high and middle refractive index byers (each of which lias the 
thicknees of ^4n) are eupeiposed in this order from the free surface side (i &. the side not faced to the ttjpport}, the 
0 thickness of each layer has an allowance of ±3%. Inthatcase, If the variation of the thickness Is out of the allowance, 
the film exhibits remarkatily impaired anti-refledion perbrmance. 

[0027] The anti-glare treatment can be controlled by various conditions such as temperature of the f flm In entbossing 
process, pressure of pressing, processing rate, and material of the transparent Siwort Preferably, the treatment is car- 
ried out under mOd oondltfons In consideration of oost, the unlfbnn thickness of the l^r, and stability of the procedures. 

[Surfiace roughness] 

[0028] The surface roughness of ttie anti-reflection f am can be evaluated in the following manner The surfiace of the 
sample subjected to the anti-glare treatment is observed t>y means of a scanning microscope, and the obtained data 
75 are analyzed to evaluate the roughness. 

[0029] Acconfing to JlS-B-0601, the arithmetic mean of roughness (R^ is evaluated. 

[0030] In the present invention, the anti-reflection fflm has a suHkce roughness In terms of an arithmetic mean (Ra) 
in the range of 0.05 to 2 fim. preferably 0.07 to 1 .5 lun, more preferably 0.09 to 1 .2 iim. and most preferably 0. i ID 1 .0 
|im. 

2Q [0031] The surfiace having an Raof less than 0.05 Mincan not satisfyingly reduces glare. If the Ra isabove2 iim, the 
obtained image exhibits poor resolution or is often whitened by external light 

[0032] Further, the low refractive index coating layer preferably has such a rough surface that an area of a roughness 
curve having a period of 1 to 10 ^ is more ttian 15% based on the total area of the rough surface. In other words, the 
surface preferably has the roughness strength having a pitah of 1 to 10 |im in a ratio of not less than 15% (more prefer- 
25 aUy not less than 20%, further pre^bly not less tfmn 30%) based on the total surf^ roughness strength. The higher 
the ratio is. the better anti-glare peribrmance the surface gives. 

[0033] The ratio of the roughness strength having a pitch of 1 to 10 |im can be estimated from analysis of power spec- 
tral density (PSD), which is defined by the foltowing formula (1): 



in which A is a scanning range, each p and r Is a horizontal frequency, and z(x. y) represents image data. 
SB [0034] With respect to each of the total roughness strength and the roughness strength having a pitch of 1 to 1 0 |im, 
root mean square (RMS) Is calculated aooorcfing to the fdtowing tonnula (2): 

RMS=VJPSDdpdq (2) 

[0035] The ratio of the roughness strength having a pitch of 1 to 1 0 pm corresponds to the ratio of RMS^'^^/RIMS^ 
(in which RMS^'^^ and RMS^^' represent root mean squares of the roughness strength having a pitch of 1 to 10 pim 
and the total roughness strength, respectively). 

[00^] The average pitch between a peak on the surface and a neighboring peak is preferably in the range of 10 to 
45 60 pm, and more preferatsiy in the range of 1 5 to 40 |im. 

[0|IX37] The average depth between the top d the surface curve and the bottom d the cun^e is pref^^ 
of 0.05 to 2 iim. and more preferably in the range of 0.1 to 1 iim. 

[Preparattori of anti-reflectton film] 

50 

[0038] Fig. 2 schematically shows a crosspsectional view of an example of the low refractive index layer. The upper 
surface of the low refractive index layer in Rg. 2 is the surface of the anti-reflection film A display device or a lens is 
placed below the layer of Fig. 2. TTie low refractive index layer (11) is porous. In the low refractive index layer (1 1), inor- 
garticfine particles (21) having a mean particle aze of 0.5 to 200 nm are piled up (three particles are piled up in Rg. 2). 
55 Among the Inorganic fine particles (21), mxxo voids (22) are formed. The low refractive index layer (21) further contains 
polymer (23) in an amount off 5 to 50 wt.%. Tlie polymer (23) binds the particles (21), but does not fill the micro vokls 
(22). 

[0039] Besides the porous layer (1 1 ) shown in Rg. 2, the k)w refractive index layer may be a layer oomprisng a fluo- 
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rine-oontaining polymer. As the fluorine-containing polymer, polymers containing fluorine in a high content or having a 
large free volun^ are preferred in consideration of low refractive index. Further, in consideration of dose contact, cnoss- 
linkabie polymers are preferred. The cross-llnkBt>le polymers of thermosetting type or ionizing radiation curing type are 
commerdaDy available. 
5 [0040] Rg. 3 shows various tayered structures of the anti-reflection film. 

[0041 ] The embodiment shown in Rg. 3 (a) compnses a transf^rent support (13), a haid coating layer (1 2), and a 
low refractive indoclayer (11) superposed In thb order. 

[0042] The transparent support (13) and the low refractive index layer (1 1} have the r^ractive indices satisfying the 
following formula: 

Ri(L)<Ri(S) 

in which Ri(L) means the refractive index of the low refractive index Is^er; and Ri(^ means the refiactiye index of the 
transparent support 

75 [0043] The embocfiment ^u)wn in Rg. 3 (b) conprisee a transparent support (1 3), a hard coating layer (ISQ, a high 
refractive index layer (14) and a low refractive index layer (1 1) superposed in this order. 

[0044] TTie transparent support (13). the low refractive index layer (1 1) and the high refractive index layer (14) have 
the refractive indices satisfying the following formula: 

20 Ri(L) < re(S) < Ri(H) 

in which Ri(L} means Ihe refractive index of the low refractive index layer; Ri(S] means the refractive index of the trans- 
parent support; and Ri(H) means the refractive index of the high refractive index layer 

[0045] The embodiment shown in Fig. 3 (c) comprises a transparent support (13), a hard coaling layer (12), a middle 
2s refractive index layer (15), a high refractive index laya* (14) and a \ou refractive index layer (11) superposed in this 
order. 

[0046] The transparent support (13), the low refractive index layer (1 1). the high refractive index layer (14) and the 
middle refractive index layer fmve the refractive indices satisfying the following formula: 

30 Ri(lO < Ri(S) < Ri(M) < Ri{H) 

in wtiich Ri(Lj means the refractive index of the low refractive index layer; Ri(S) means the refractive index of the trans- . 
parent support; ffi(M) means the refractive Indax of the middle refractive Index layer; and Ri(H} means the reftactivB 
Indax of the high refractive index layer. 

35 

[Transparent supporQ 

[0047] A plastic film is preferably used as the transparent support. 

[0048] Examples of the plastic materials for the support include cellulose esters (e g , triac^ cellulose, diacetyl cel- 
40 lulose, pmpionyl cellulose, butyryl cellulose, acetyl propionyl cellulose, and nitrocellulose), polyamides, polycarbonates, 
polyesters (e.g., polyethylene terephthalate. polyethylene naphthalate, poly-1 .4-cyclohexanedimetl^ene terephthalate, 
polyethylene-1 ,2-diphenoxyethane-4,4*-dicartK>xylate, polybutylene terephthalate), polystyrene (e.g., syndiotactic poly- 
styrene), polyolefins (e.g., polypropylene, polyethylene and polymethylpentene), polysulfone, potyethersulfone. polyar- 
ylate. polyether imide, potymethyl methacrylate, and polyether ketona Triacetyl cellulose. polycait»>nate6, and 
45 polyethylene terephtfialate are preferred. 

[0049] TTie transparent support preferably has a percent transmission of not less than 80%. nmre preferably not less 
than 86%. The haze of the support is preferably in the range of not more than 2.0%. more preferably not more than 
1 .0%. The support preferably has a refractive index of 1 .4 to 1 .7. 

so [Low refractiva Index layer] 

[0050] The low refiractive index layer has a refractive index preferably in the range of 1 .20 to 1 .55, and more preferably 
in the range of 1.30 to 1 .55. 

[0051 ] The low refractive index layer tas a thickness preferably in the range of 50 to 400 nm, and wore preferably in 
55 the range of 50 to 200 nm. 

[0052] The low refractive index layer can be formed by using a fluorine compound having a low refractive index (1 .38 
to 1 .49). The fluorine compound has a coefficient of kinetic friction preferably in the range of 0.03 to 0.05. The fluorine 
compound has a contact angle to water preferat}ly in the range of 90 to 1 20^. Thefluorine conrpound preferably is cross- 
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linlQble, and more preferably ie cross-linked by heat or electrolytic irradiation. The fluorine compound can be used in 
combination with another compound. The oDse-iinkable fluorine compound includes a fluorine monomer and a cross- 
linioble fluorine polymer. The croGs-iinkable fluorine polymer is preferBbly used to ibrm the low refractive index layer. 
[005^ TTie cross-linkable fluorine polymer preferably is a silane compound containing a perf luoroalkyt group (ag.. 
heptBdecafluoro-1 J,2.2-tetradecyl)triethQxysi!ane). TTie cross-linkaUe fluorine polymer can also be obtained by oopo- 
lymerizing a fluorine monomer and a cross-iinlcable monomer. 

[0054] Examples of the fluorine monomers indude f luoroolef ins (e.g., f luoroethylene, vinylidene fluoride, tetraftuor- 
oethylene. hexaHuoroethylene, hexafluoropropylene, perfluoro-2,2-dimethyl-1,d-dioxol), a partiaOy or totally fluorine- 
subsUtuted alkyi ester of (meth)acrylic ackj and a preUly or totally fluorine-subslituted vinyl ether. The partially or totally 
fluorine-substituted alkyl ester of (meth}acrylic acid Is oommercially available (ag., Viscote 6FM, Osaka Organic Chem- 
icals Inc.; M-2020. Daikin Ca. Ltd.). 

[0055] The cross-linkable monomer preferably is a (meth)acryiic ester monomer having a cross-Gnkable group (ag., 
glyddyi acrylate). A meth(acrylate) monomer having caitxsxyl, hydroxyl, amino or sulfp (eg., (meth)acrytic acid, meth- 
ytol (meth)acrylatB. hydroxylalkyi (meth)acrylate. ally! acrylate} can also be used as the cross-linkable monomer. After 
polymerization of the monomer, a cross-linking structure can be introduced into carboxyl. hydroxyl, amino or suHb (as 
is described in Japanese Patent Provisional Publication r^s. I0(l998)-25388and 10(1998)-147739). 
[0056] The fluorine monomer can be oopolymerized with another monomer containing no fluorine atom. Examples of 
the monomers containing no fluorine atom include olefins (e.g., ethylene, propylene, isoprene, vinyl chtoride. vinyOdene 
chloride), acrylic esters (e.g.. methyl acrylate, ethyl acrylate. 2-atfTylhexyl acrylate), methacrylic esters (ag., methyl 
methacrylate. ethyi methacrylate. butyl methacrylate, ethylene glycol dimethacrylate), styrene, styrened^-ivatives (ag., 
divinylbenzene, vinyttoluena a-methylstyrene), vinyl ethers (e.g., methyl vinyl ether), vinyl esters (ag., vinyl acetate, 
vinyl propionate, vinyl dnnamate), acrylamides (e.g., N-tert-butylacrylamlde, N-cyclohexylacrylamlde), methacryla- 
mides and acrylonitrlle derivatives. 

[0057] The tow refractive index layer can also be formed by using micro partteles and a polymer to fbmfi micro void 
structure in the layer. 

[0058] The micro particles have a mean partkile size preferably in the range of 10 to 200 nm, more preferably In 4ie 
range of 10 to 100 nm, further preferably in the range of 10 to 70 nm, and most preferably in the range of 10 to 40 nm. 
[0059] The amount of the mioo particles is preferably in the range of 50 to 95 wL%, more pre^rably in the range of 
50 to 90 wt.%, and nwst preferably in the range of 50 to 80 wt.% based on the total amount of the low refractive Index 
layer. 

[0060] The micro particles preferably are inorganic particies. Inorganic partides are preferably made of a metal coode, 

a metal nitride, a metal sulfide or a metal halide. more preferably nude of a metal oxide or a metal l^ide, and moet 

preferably made of a metal oxide or a metal fluoride. The metal atom preferably is Ma, K, Mg, Ca. Ba, Al, Zn, Fe, Cu, Tl. 

Sn, In. W, Y, Sb, Mn, Ga, V, Nbk Ta. Ag, Si. B, Bi. Mo. Ce. Cd. Be, Pb or Ni, and more preferably is Mg, Ca, B or Si. TTie 

inorganic particles can be made of an inorganic sulKtance containing two or more metal atoms. 

[0061] The inorganic particles are most preferably made of a fluoride of an alkali metal (ag., NaF, KF). a fluoride of 

an alkaline earth metal (e.g., CaF2, MgF2) or silicon dioxide (Si02}. 

[0062] The inorganic particles are preferably amorphous (not crystallized). 

[0063] A dispersion of inorganic particles can be prepared by a sol-gel method (de^ribed in Japanese P^ent Provi- 
sional Publication No. 53(1 978)- 112732, Japanese Patent Publication No. 57(1982)-9051) or a precipitation method 
(described in APPLIED OPTICS 27, page 3356 (1988)). Further, powder of inorganic particles prepared by a drying and 
sedimentation method can be mechanically crushed to prepare a dispersion. Some inorganic particles (ag., silicon 
dioxide sol) are commercially availabia 

[0064] The inorganic particles are preferably used in the form of a dispersion in an appropriate mecfium to form a low 
refractive index layer. Examples of the mediums include water, al(X)hols (ag., methanol, ettianol, isopropyl alcohol) and 
ketones (ag . methyl ethyl ketone, methyl eobutyl ketone). 

[006q In the low refractive index layer, the content of micro voids generally is in the range of 0.05 to 0.50 volume frac- 
tion, preferably Is in the range of 0.10 to 0.50 volume fraction, especially in the range of 0.10 to 0.28 volume fraction. 
[0066] In tl^ case that particles having nxjnodispersed particle size are made closest packing, micro voids formed 
by the surrounding partides are 26% (0;26 volume fraction). Further, when the particles are made single cubic packing, 
miao voids formed by the surrounding particles are 48% (0.48 volume fractton). In the practical system (i.e., the low 
refractive index layei^, the partides have cfistribution range of particle size although the range is narrow and therefore 
the vdume fraction of micro voids of the tow refractive index layer shews somewhat different value from the above value. 
Further, the volume fraction of micro voids varies dejpencfing upon methods or conditions for fbmiing the tow refractive 
index layer (i.e.. for bonding the particles). 

[0067] When the volume fractton of micro voids is too high, mechanical strength of the low rehactive index layer is 
lowered. Therefore, the volume fraction of micro voids of the low refradivB index layer generally is not more than 0.50 
volume fraction as menttoned atiova In the case that a small amount of binder is employed, the volume fraction of micro 
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voids varies depending on the ratio, of the particles and the binder. Provided the micro vokJs formed between the par- 
tides have size of decades nm to several hundred nm (i.e.. ^e of not iarger than wavelength of light), a transparent 
layer having Ihe aimed refractive Index can be formed by selecting material In terms of refractive index and by adjusting 
the content of miax) voids in the layer. 
5 [0068] TTie particles are preferably subjected to a surface treatment to improve an affinity with a polymer binder. The 
suilace treatment is classified into a physical treatment (e.g., plasma discharge treatment, corona discharge treatment 
and a chemical treatment u^ng a coupling agent The particles are preferably subjected to a chemical treatment only, 
or to a combination of chemical and physical treatments. 

[0069] TTie coupling agent preferably is an organoalkoKy metal oompiDund (e.g., titanium coupling agent, silane cou- 
10 pling agent), in the case that particles are made of silicon dioxide, a surface treatment using a silane coupling agent is 
particularly effectiva 

[0070] A preferred sflane coupl[r^ agent is represented the fbllowing formula (ta) or (lb). 



IS 



20 



40 



(la) (lb) 

R5 

R^-Si— 0R2 RBo^Si— R6 

0R3 6r7 



wherein each of R\ and independently is an al)<yl group having 1 to 10 carbon atoms, an aryl groip having 1 to 
10 carbon atoms, an alk^yl groip having 2 to 10 carton atoms, an alkynyl group having 2 to 10 carbon atoms or an 
arallcyl group having 7 to 10 caibon atoms, and each of R^ R^, R^. R^ and R^ independently is an all^l groip having 
2s 1 to 6 caildon atoms or an acyl group haying 2 to 6 carbon atoms. 

[0071] In the formula (la) or (lb), each of R\ R^ and R^ preferably \s an alkyi group, an aryl group; an alkenyl group 
or an aralkyi group, more preferably is an alkyI group, an aryl group or an alkenyl group, and most preferably is an alkyI 
group or an alkenyl group. The ali^l group, the aryl group, the alkenyl group, the all^nyl groip and the arall^l group 
m^ have a substituerrt group Examples of the substituent groups include glycidyl. glycldyloxy, an alkoxy group, a bal- 
sa ogen atom, an acyl03Qr group (ag.. acryloyloxy, metiiaaylpyloxy), mercapto, amino, cait)oxyi, cyano, isocyanato and an 
alkenylsulfonyl group (e.g.. vinylsultonyl). 

[0072] In the formula (la) or (lb), each of R^. R^ R^ R^ and R^ preferably is an alkyl group. The alkyi group may have 
a sutstituent group. Examples of the substituent groups include an alkoxy group. 

[0073] The silane coupling agent preferably has a double bond in its nxslecule, which can be combined with a polymer 
36 binder by a reaction of the double bond. The double bond is preferably contained in R'' . R^ or R^ in the formula (la) or 
(lb). 

[0074] A more prefon-ed silane coupling agent is represented by the following formula (lla) or (lib). 



(Ila) (lib) 

O-0-C0-C=CH2 L2-0-CO-C=CH2 
Rl4o^i— 0R12 R11 Rieo-Si— R16 R15 

6r« 

4S 

wherein each of R""^ and R^^ Independently is hydrogen or methyl, R^® is an alkyl group having 1 lo 10 carbon atoms, 
an aryl group having 1 to 1 0 carbon atoms, an alkenyl group having 2 to 10 carbon atoms, an alkynyl group having 2 to 
10 carbon atoms or an aralkyi group having 7 to 10 cartoon atoms, and each of R"*^, R""^, R^^, R"^^ and R^^ independ- 
50 entiy is an alkyl group having 1 to 6 cartxm atoms or an acyl group having 2 to 6 caribon atoms. 

[0075] In the formula (lib), R^^^ r13 r17 Qp^j rIS ^ meanings as for R^, R^, R^ R^ and R^ in the 
formula (la) or (lb). 

[0076] In the formula (lla) or (lib), R^^ has the same meanings as for R\ R^ and R^ in the formula (la) or (lb), is an 
alkyl group f^ving 1 to 6 cait>on atoms or an acyl group having 2 to 6 carbon atoms. 
ss [0077] Examples of the silane coupling agents represented by the formula (la) Include methyltrimetfioxysilane. meth- 
yltriethoxysiiane. methyttrimethoxyethoxyalane. m^hyttr^toxysilane. methyttributoxysilane. ethyitrimethoxysilane, 
ethyftriethoxysilane, vinyttrimethcKysOane. vinyltriethoKysilane, vinyllriacetQxysilane, vinyltrimethoxyethoxysilane, phe- 
nylfrimethoxysilane, phenyltriethoxysilane, phenyHriacetoscysilane, y-chloropropyltrimethoxysilane, r<^loropropyltri- 
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ethoxysi^, Y^hloropropyltriacetoxytilane. 3,3.3-trifliioropropyltrimethQxy^an6. r^fycklylQ)wropyltrimethaxysi]ane, 
y-^idytoxypropyftriethoxysDane, yKP-glycidyloxyethoxy)propyllrimethtwysilane, H3,4-epoxycyclohexyl)ethyltrimeth- 
oxysilane. p-3.4-€pGKycydohaxyf}ett^^efth^ r-acrylGyloxypropyltrimethcBcysllane. 7-methac^pylcKypropyllrl' 
methaxysilane, raminopropyftrimethoxy&ilane. ran^*rv)piopy)1rietfioxyB0ane. r^iercaptopropyltrimethQxytilane, r 
mercaptoprof^iethaxysilane. N-^(amino8ltiyQxaf^<'Pi'^tnmethQxysilan8 snd p-c^no8thyltriettioxysilana 
[0078] Silane coupfing agents having a double bond in its molecule such as vinyttrimethoxysilane, vinyltriethoxysilane. 
vinyttriacetaxysilane. vinyltrimathoxyethGKy^lane, racryioyloxypropyttrimsthoxysilane and y-methac^oylaKypropyHil- 
methoxysilane are prefenred. Silane coupling agents represented 6y the formula (lla) such as r^iciYtoylQ9cypn)pyttri- 
mathcKysilane and rHrathacryloylaxyprapyllrimathoxysllane are more preferred. 

[0079] Examples cf the silane coupling agents represented by the fomiula (lb) include dimethyldimethaxysilanep phe- 
nylmethyldimethoxysilane, dimethyldiethoxysilane, phenylmethyldiethoxysilane. y-gtycidylQxypropylmethyldi- 
ethoxysilane, T-glycidyloxypropylmethyldimethoxysilane. rQlycidyloxyprQpyjphenyldiethoxysilane. 
chloroprcpytmethyldiethoxysilane, dimethyidiacetoxysilane, rdcrytoyioxypropylmethyidimethQxy^ane, racryloyloxy- 
prcpyimethyldlethoxysilane, r-methacrylGylaxypropylmethyldiethoxysllane, ri^^^crytoylaxypropylmethytd- 
intethoxysilane, r^iercaptopropylmethylcfimethoxysilane, y^mercaptopropylmethylcfiethoxysilane. y- 
aminopropytmethyldimethoxy^ne, r^minopropytmethyldiethoxysilane, methylvir^imethoxysilane and m^fiyhn- 
nyldielhaxysllane. 

[0080] Sibne coupling agents having a double bond in its molecule such as y^aylc^loxypropylmethyltfimeth- 
oxysilane, y-acrytoytoxyprapylmethyldiethQxysllane, f-methacryloytQxypropytmetliytdiethGKysilanep TsnetfiacrylaylQxy- 
propylmetliyldimethoxysOane, methylvinyldimethoxysilane and metfiylvinyldiethoxysilane are prefenred. Silane coupfing 
agents represented by the formula (lib) such as y-acryloyloxypropylmethyldimethoxysilane, racryloytc»cyprcpylmetfvl* 
diethoxysilane, rniethacrylpyloxypropylmethyldiethQxysflane and rm^thacryloyloxypropylmethytdimethaxysilarte are 
more preferred. 

[0081] Two or more silane coupling agents can be used in combination. 

[0082] Another silane coupling agent can be used in combination with the silane coupling agent represented by the 
formula (la) or (lb). Examples of the other coupling agents Include an alkyi ortfiosilicate (ag., methyl orthosilicate, ethyl 
orthosilicale, n-propyl orthosilicate. i-propyl orthosilicate, n-butyl orthosilicate, sec-butyl ortho^c^, t-butyf orthosili- 
cate) and a hydrolyzed product thereof. 

[0083] The surface treatment using a coupling agent can be conducted by adding the coupling agent to a dispersion 
of particles, and leaving the mixture at the room tennperature to G0**C for several hours to 1 0 days. An inorganic acid 
(e.g.. sulfuric add, hydrochloric acid, nitric add, chromic add, hypochlorous acid, boric add. orthoslllcic add, phos- 
phoric add. carbonic add), an organic add (e.g.. acetic add, polyaayiic acid, benzenesulfonic add. phenol, pdy- 
glutannic add), or a salt thereof (e.g., metal saft. ammonium salt) can be added to the disperaon to aocelerato the 
reaction of the surface treatment 

[0084] The binder is needed to be used eo as not to fill up the micro voids. Examples of binder Indude water-soluble 
resins such as polyvinyl alcohol and polyoxyethylene; acrylic resins such as pdymethyl acrylate and polymethyl acr- 
ytate; and cellulose derivatives such as nitrocellulose. In the case that the particles are dispersed in water, the water- 
sduble resins are employed as the binder. In the case that the particles are dispersed in organic sofvent preferred are 
resins (i.e., the above acrylic resins and cellulose derivatives) which can be sduble in the organic solvent and which 
has a strong affinity with the partides or the transparent film and a high transparency. Further, in the case that a polynv 
erizable binder Is employed as a binder for partides, the resultant layer of partides can be cross-iinksd by uHravldat 
radiation or heating. 

[0085] The polymerizable binder Is preferably cross-linked. The cross-Hnked binder polymer can be synthesiied by 
using a monomer having two or more ethylenically unsaturated groups. 

[0086] Examples of the monomers include esters of polyhydric alcohol with (meth)acrylic acids (e.g., ethyleneglycol 
di(meth)aGrylatB. 1,4dicyclohsKBne diacrylate, pentaerythrytol tetrB(meth)acrylate, pentaeryfhrytol tri(melh)8Grylate, 
trimethylolpropane tri(meth)aaytate. trimethyldethane tri(meth)acrylate. dipentaerythrytd penta(meth)acrylate, dipen- 
taerylhrytol hexa(meth)ac^ate. 1 ,2,3-cydohexHne tetramethacrylate, polyuretiwie polyacrylate, polyester poller- 
ylate), vinyl benzene and its derivatives (eg., 1 ,4-divinylbenzene, 2-acryloylethyl 4-vinyIbenzoate. 1.4- 
divinylcydohexanone), vinytsuKbnes (e.g., divinylsuifone) and acrylamldes (e.g., methylenebisacrylamide) arvl meth- 
acrylarrddes. 

[0087] The binder polymer is preferably synthesized by adcfing a monom^ to a coating solution of the low refractive 
index layer and causing a polymerization reactiori (if necessary and a cross-linking reaction) simultaneously wHh or 
after coating the sdution. Examples of the polymerization initiators are the san^ as the inStiators used in the synthesis 
of the shell polymer. 

[0088] Two or more binder polymers can be used in combination. 

[0089] The binder is generally employed in the mininum amount for enabling the bonding between the partides. TTie 
binder is preferably used in the anru^untof 5 to 25 wdght% based on the total amount of the low refractive In^ 
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[H^h and middle refre^dve index ia^ 



[0090] As shown in Fig. 3 (b). a high refractive index layer may be provided between the transparent support and the 
low refractive index layer. Further, as shown In Fig. 3 (c), a middle refractive index layer may be provided between the 
5 high refractive index layer and the transparent support. The refractivB index of the h^h refractivB index layer is prefera- 
bly in the range of 1.65 to 2.40. more preferably 1.70 to 2^. The refractive index of the middle refractive index layer is 
acDusted to a value between those of the high and bw refractive index layers, and is preferably in the range of 1 .55 to 
1.80. 

{jOO&i ] The high and mickfle refractive index layeni are preferatity formed with a polymer having a relatively high refrac- 
10 tfve indoc Examples of the polymer having a high refractive index indude polystyrene, styrene copolymer, polycar- 
bonate, melamine resin, phenol resin, epoxy re^, and polyurethane derived from the reaction between cyclic (alicycfic 
or aromatic) Isocyanate and polypi. Further, other polymers having cyclic (aromatic, hetarocydic, or alicydic) groips 
and polymers substituted with a halogen atom except fluorine also have high r^ctive indexes. The polymer may be 
prepared by polymerbalion of monomers having double bonds for radical hardening. 
IS ^0002] Inorganic fine (wtides having high refractive indexes are preferably dispersed in the above-desciritsed poly- 
mers or in monomers and initiators u^le for preparing the low refractive index layer. As the material for the partides, 
metal oxides (ag.. oxides of aluminum, titanium, zirconium, antimony) are preferably employed. If the partides are cfe- 
persed in the monomer and the initiator, a mixture of ihem is applied and polymerized to harden with ionizing radiation 
or heat to prepare a high or middle refractive Index layer having excellent scratch resistance and strong adhesion. 
so [0093] The high and middle refractive index layers may contain silicon compounds substituted with orgarvc groups. 
As the sfficon compounds, silane coupling agents and their hydrolyzed products are preferably employed. 
[0094] As the material of the inorganic fine partides, metal oxides (ag., oxides of aluminum, tHanium, zirconhjm, anti- 
mony) are prefeired. Powder or colloidal dispersion of the partides is mixed with the polymer orthe organic silicon com- 
pounds. 

29 [0095] The inorganic fme partides preferably have a mean partide size of 1 0 to 1 00 nm. The high and middle refrac- 
tive irxiax layers may be formed from film-lbrming organometailic ccmpounds. Prefsrabty, the organometallic com- 
pounds are liquids or can be dispersed in a proper mecEum. 

[0096] The l^es of the high and middle refractive index layers are preferably not more than 3%. 

[0097] Besides the aforementioned layers, the anti-reflection iitm m^ have other layers such as a hard coating layer, 

30 a moteture proof layer, an antistatic layer, an undeicoating layer, and a proted 

[0098] The hard coaling layer gives scratch resistance to the transparent support, and further enhances adh^lon 
between the support and the layer provided thereon. The hand coating teiyer can be formed with aaylic pdymers. ure- 
thane polymers, epaxy polymers, and silica compounds. Pigments may be added to the hard coating layer. 
[0099] The material tor the hard coating layer is prefsrably a polymer having a main chain of saturated hydrocart»n 

3s or polyether (more preferably, saturated hydrocartxvi). Further preferably the polymer is cross-tinl^ed. The polymer hav- 
ing a main chain of saturated hydrocart^on is preferably prepared by polymerization of ethylenic ursaturated nnnomers. 
For preparing a cross-linked polymer, monomers having two or more ethylenic unsaturated groups are preferably used. 
[0100] Examples of the monomer having two or more ethylenic unsaturated groi^js include: esters between pdyhy- 
dric alcohots and (meth)acrylic add (e.g., ethyteneglycol di(meth)acrylale. 1,4-cyclohexanediacfylate, pentaerythritot 

.40 tetra{meth)acrylate, peniaerythritol tri(meth)acryteite, trimethylolpropane tri(meth)acryiate, trimethylolethane 
tri(meth)TCrylate, dipentaerythrytd tBtra(meth)acry1ate, dpentaerythrytol penta(meth)aa'ylate, pentaerythritol 
hexa(meth)acrylate. 1,2,3-cydohexanetetramethaorylate, polyurethane potyacrylate, polyester pdyaay^e), vinylben- 
zene and Its derivatives (e.g.. 1 .4-dlvinylbenzene. 4-vlnyQ)enzQic acid-2-acryloylethyl ester. 1 ,4-dlvlnylcydohexanone). 
vinytsulfones (e.g.. cfivinylailfone). acrylamides (e.g.. methylene bisacrylamide), and methacrylamide. 

45 [0101] In place of or In addition to the monomer having two or more eihytenic unsaturated groups, oossrlinking 
groups may be introduced to form a crc^s-linkad structura Examples of the cross-linldng functional group Indude tso- 
cyanato group, epoxy group, aziridine group, osxazoline group, aldehyde group, carbonyl group, hydrazianoacrylate 
derivatives, melamine, etherized methyld, esters and urethane. The functional groups, such as tkxk isocyanate group, 
decomposed to form the cross-linked structure are also usable. 

so [0102] The "cross-linking groups** in the invention are not restricted by the albrementbned compounds, and indude 
the QFQ{jfXB decomposed to t>e activa 

[0103] The hard coating layer is preferably formed by the steps of dissolving monomers and an initiator in a solvent, 
applying the prepared liquid, and polymerizing (and if desired. cross-Gnking) the appfied liquid. Preferably, the initiator 
(ag., benzophenones, acetophenones, tr^zines) is, singly or in combination of mm^ kinds, added into the coating Ikj- 
. ss uid together with the monomers. 

[0104] In the coating liquid for the hard coating layer, a small amount of polymer (such as polymethylmethacrylate, 

polymetf^crylate, diacetylcellulose, triacetylceOulosa nitrocellulosa polyester, alkyd re«n) may be added. 

[0105] A protective layer may be provided on the low refractive index layer. The protective layer also serves as a slip- 
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pery layer or a anb'-etain layer. 

[0106] Examples of sGpping agents for Itie slippery layer Include polyorganosQoxanes (e.g., polydlnietliylsllaxBne, 
polydiethyleiloxane, polydiphOTylefloxane. polymethylphenylsHoxane, alkyl-modified poiydimettiytefloxane). natural 
waxee (e.g.. camauba wax. candeiilia wax» jojoba oil. rice wax. Japan wax. bees wax. tiydrous lanolin, epemnac^. 
montan wax), petrdeum waxes (e.g., paraffin wax. nnicrocry^alline wax), synthetic waxes (e.g.. polyethylene wax. 
F^er-Tropsch wax), higher fatty acid amides (e.g.. stearamide, oleic amide, N.N'-methylenebisstearamide), higher 
add e^ers (e.g.. methyl stearate. butyl stearate. glycerin monostearate, sofbitan nrK}nooleate), higher fafty add 
metal salts (e.g.. zinc etearate). and polymere containing fluorine (eg., perfluoropotyether having a perfluoro main 
dialn. perf luoropdyether having a perfluoro side diain, perfluoropolyether modified with aloohd. perfluoropdyether 
modaied with teocyanate). 

[0107] The anti-stain layer contains hydrophobic compounds containing fluorine (e.a. polymer containing fluorine, 
surface actlvB agent containing fluorine, dl containing fluorine). 

[01 08] THe protective layer has a thickness of not more than 20 nm. so as not to affect the perfbnnance of anti-reflec- 
tion. 

lO^QB] Each layer of the anti-r^lection film can be formed by dip coating, air knife coating, curtain coating, roller coat- 
ing, wire bar coating, gravure coating, and extrusion coating (described in U.S. Patent Na 2.681 ;294). Two or more lay- 
ers may be simuHaneously formed t>y crating. The method for simultaneous coating isdescrik)ed In U.S. PatBnts No. 
2,761.791. No. 2.941.898, No. 3.508,947, and No. 3.526,528; and "Coating Engineering" pp.2^, written by YHarazaki, 
published by Asakura Shoten (1973). 

[0110] The anti-reFlection fDm of Ihe invention can be applied on a display device such as a liquid crystal display 
(LCD), a plasma display (PDP). an eledroluminescence display (ELD) or a cathode ray tube display (CRT). If the fOm 
has a transparent support, the film is placed on the device so that the support may b& attached to the display surface. 

EXAMPLE 1 

(FonnBtion of hard coating layer) 

[01 1 1] 250 g of a mixture of dipentaerythritol pentaacryiate and dipentaerythritd hexaacrylate (DPHA, Nippon Kayaku 
Ca, Ltd.) was dtesotved in 439 g of industrial denatured ethanol. To the obtained solution, a solution prepared by cQs- 
sohnng 7.5 g of a photopolymerizalion initiator (Irgacure 907. Ciba-Geigy) and 5.0 g of a photosensitizer (Kayacure 
DETX Nippon Ka^ku Ca. Ltd.) in 49 g of methyl ethyl ketone was added After stirring, the mixture was filtered through 
1 im mesh to prepare a coating liquid for hard coating layer. 

[0112] On a triacetylceDutose film (1AC-TD80U, Fuji Photo Fflm Co., Ltd.) having 80 |im thickness, a gelatin under- 
coating layer was provided. The coaling liquid for hard coating layer was applied on the undercoating layer with a bar 
coater, dried at 120''C. and inadiated with UV light to harden. Thus, a hard coating layer having 6 |im thickness was 
fbrmed. 

(Preparation of coaling liquid for bw refractivB index layer) 

[0113] 200 g of methanol dispersion of fine silica particles (methanol sflica sol. Nissan Kagaku Co., Ltd.), 10 g of 
sHane coupling agent (KBN-803, Shin-Etsu Silicon Ca, Lid.) and 2 g of 0.1 N hydrochlorfo ackj were mixed and stirred 
at reom temperature for 5 hours, and then stored at room tempmture for about 4 days. Thus, a dispersion of fine ^Gca 
particles subjected to sDane treatment was prepared. 

[01 14] To 149 g of the dispersion. 789 g of isopropyl alcohol and 450 g of methanol were added. To the obtained mix* 
ture, a solution prepared by dissolving 3.21 g of a phctopolymerization initiator (Irgacure 907. Ciba-Qeigy) and 1 .605 g 
of a photosensHlzer (Kayacure DETX. Nippon Kayaku Ca, Ltd.) in 31 .62 g of Isopropyl afoohot was added. Further, a 
solution prepared by dissolving 2.1 7 g of a mixture of dipentaerythritol pentaacryiate and dipentaerythritol hexaacrylate 
(DPHA. Nippon Kayaku Ca. Ltd.] in 78.13 g of isopropyl alcohol was added. The thus prepared mixture was stirred at 
room temperature fbr 20 minutes, and filtered through 1 mesh to prepare a coating liquid for lew refractive index 
layer. 

(Production of anti-reflection film) 

[01 1 5] The coating liquid for low refiBCtive index layer was applied on the hard coating layer with a bar coater, dried 
at 120''C. and Irradiated wHh LfV light to fonn a low refractive Index layer (thtekn^: 0.1 }im). Thus, an anti-reflection 
fOm was produced. 
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(Anti-glare treatment 

[9116] The prepared film was subjected to anti-glare treatment 1^ means of a one-face embossing calender machine 
(VUri-Rdl Ca. Ltd.) equipped with a sted mbossing roll and a back-up roll covered with pdyamide Ttie treatment oon- 
6 dltions were as follows: pressing pres^e: 1 ,000 kg/on, preheat temperature of the rolls: 100"C. temperature of the 
embossing roll: 140^C. and processing rate: 2 mAninute. Ihe embossing roll had an arithmetic mean of roughness (Ra) 
Gf4^m. 

[0117] The average reflectance (in the wavelength regkm of 450 to 650 nm), the haze, and the surfiace mechanical 
^er^ On terms of pendl grades) of Ihe prepared fQm were measured, and found 1 .0%. 1 .5%, and H, respectively. 
10 [0118] Further, the surface roughness (Ra) and the ratio of the roughness strength having a pitch of 1 to 10 pm were 
measured by means of a scanning probe microscope, and found 0.1 0 iim and 23%, respectively 

15 (Preparation of titanium dioodde diQ>er6ion) 

[0119] 30 weight parts of tttanium dlcxkie (weight mean particle size of primary particles: 50 nm, refractivB index: 
2.70), 3 weight r^uls of the following anionic monomer (1), 3 weight parts of the following anionic monomer (2), 1 weight 
part ol the foOowIng caltonk; monomer and 63 weight parts of methyl ethyl ketone were mixed by means of a sand 
20 grinder to prepare a dispersion Of titaniurndioodde. 

Anionic monomer (1) 
CH3 



25 



SO 



CH2=C OH 
CO-0-CH2CH2-0-CO-CH2CH2CH2CH2CH2-0-P=0 

OH 



Anionic monomer (2) 



36 CHa 

I 



CH2=C 



CH3=9 



CO-O-CH2CH2-O-CO-CH2CH2CH2CH2CH2-9 

HO-P=0 

CO-O-CHaCHa-O-CO-CHaCHaCHaCHaCHa-O 
QH3 



SO 



Cationic monomer 
CH2=CH CH3 
CO-O-CH2CH2-N 

CH3 
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* (Preparation of coating liquid for middle re^^ 

^ [012(q 0.1 8 g of a photopOlymerization initiator (Irgacure 907. Ciba-Geigy) and 0 059 g of a photosensitize (Kayacure 

DETX, Nippon l^iyaku Ca, Ltd.) were dissolved in 172 g of cycbhexanone and 43 g of methyl ethyl ketone To the 
5 oi3tain8d sdution, a mbdurs of 15.8 g of the titanium dioxide dispersion and 3.1 g of a mixture of dipentaerythritol pen- 
taacrylate and (fipentaerythritol hexaacrylate (DPHA. Nippon Kayaku Co., iJtd.) were added and stin-ed at room temper- 
ature for 30 minutes. The Dqutd was filtered through 1 |im mesh to prepare a ooating DquM tor nnlddle refractive index 
layer. 

70 (Preparation of coating liquid for high refractive irriax layer) 

[0121] 0.085 g of a pholopolymerteation initiator (irgacure 907. Ciba-Geigy) and 0.028 g of a photosensitlzer (Kaya- 
cure DETX, r^ppon Kayaku Ca, Ud.}^were dissolved in 183 g of cydohexanone and 46 g of methyl ethyt ketone. To the 
olstained solutbn. 1 7.9 g of the titanium dioxide diversion and 1 .0 g of a mixture of dipentaerythritol pentaacrylate and 
IS cfipentaerythritol hexaacrylate (DPHA. Nippon Kayaku Ca. Ud) were added and stin-ed at room temperature fior 30 
minutes. The liquid was filtered through 1 ^ mesh to prepare a coating liquid tor high refractive index layer. 

(Production of anti-reflection film) 

20 [0122] The coating liquid for middle refractive index layer was applied on the hard coating layer tomied in Example 1 
with a bar coater, dried at 1 20^C, and irradiated with UV light to form a middle refractive index layer (thickness: 0.081 
Jim). 

[0123] The coating liquid tor high refractive index iay^ was applied on the middle refractive index layer with a bar 
coater, dried at 120'^C, and irradiated with UV fight to torm a high refractive index layer (thickness: 0.053 jim). 
25 [0124] The coating liquki for Idw refractive index layer of Example 1 was applied on the h^h refractive index layer with 
a bar coater, dried at 120^, arxi irradiated with UV light to form a low refractive index layer (thickness: 0.092 }im). 
[0125] The thus obtained anti-r^iection film was subjected to the embossing process of anti-glare ti-eatment 
described in Example 1 . 

[0126] The average reflectance Cm the wavelength regton of 450 to 650 nm), the haze, and the surface mechantoal 
59 strength (in terms of pencil grades) of tiie prepared film were measured, and fbund 0.24%, 2.0%, and 2H, respectively 
The film less reflected tlie surrounding scena 

[0127] Further, the surEace roughness (Ra) and the ratio of the roughness strength having a pitch of 1 to 1 0 ^ were 
measured by nieans of a scanning probe microscope, and Ibund 0.09 |im and 25%. respectively. 

35 EXAMPLE 3 

[0128] The procedure of Example 1 was repeated except that a coaling liquid pr^red by diluting 100 g of thermo- 
cro6slirA<Bble polymer containir^ fluorine (Opetar JN-7214. Nippon Qoseo Gomu Co.. Ltd.) with 18 g of rnelhyl ethyl 
ketone was used, to produce an anti-reflection film. 
40 [0129] The average reflectance (in the wavelength region of 450 to 650 nm), the haze, and the surface mechanical 
strength (in terms of pencil grades) of the prepared film were measured, and tound 1.0%, 1.5%, and H. respectively. 
[0130] Further, the surface roughness (Ra) and the ratio of the roughness strength having a jpitoh of 1 to 1 0 ^ were 
measured by means d a scanning probe nmcroscope. and fbund 0.10 |im and 23%, respect 

4S EXAMPLE 4 

[0131] The anti-reflection film prepared in Example 2 was fixed on the liquid crystal display screen of personal com- 
puter (PC9821NS/340W, Nippon Electric Co., Lid.). The image dteplayed on the screen equipped with the film was 
obsen^ed to confimi that surrounding scene was scarcely reflected in the saeen, and that the film gave excellent view- 
so ability. 

CQMfyVRISQN EXAMPLE 1 

[0132] The procedure of Example 1 was repeated except that 5.0 g of crosslinked PMMA particles (MX-500, Scgo- 
55. Kagaku Co.. Ud.) having the mean particle size of 3 }im were added to the ooating liquid for the hard ooating layer. 
Thus, an anti-refiecttonf ilm comprising a support, a hard coating layer containing the matting particles, and a tow refrac- 
tive index layer was prepared. 

[0133] The surface roughness (Ra) and the ratio of the roughness strer^th having a pitch ofltolOMmofthe pre- 



12 



EP0989443A2 



pared film were 0.20 and 12%, respectively. 

[0134] The average reflectanoe (in the wavelength region of 450 to 650 nm) was 2.0%, which means that the fDm can 
not fuOy prevent reflection. 

COMPARISON EXAMPLE 2 

[01S5] The procedure of Example 2 was repeated except that 5.0 g of crossllnked PMMA particles (MX-500, Sogo* 
Kagaku Ca, Ltd.) having the mean particle size of 3 were added to the coating liquid for the hard coaling layer. 
Thus, an anthreffiection film comprising a support a haid coating layer containing the mattir^ particles, and a low refrac- 
tive Index layer was prepared. 

[0136] The surface roughness (Ra) and the ratio of the roughness strength having a pitch of 1 to 10 ^im of the pre- 
pared fDm were 0.20 pm and 12%, req3eclively. 

[0137] The average reflectance (in the wavelength region of 450 to 650 nm) was 1 .5%, which means that the film can 
not fuDy prevent reflection. 

pCAIVIPI-g4 

[0138] The anti-reflection film prepared in Example 1 (before the embossing process) was subjected to anti-glare 
treatment by means of a one-face embossing calender machine (YUri-Roll Co., Ltd.) equipped with a steel embossing 
FOO and a back-up roll covered with polyamide. The treatment conditions were as follows: pressing pressure: 600 kg/cm, 
preheat temperature of the rolls: 120''C, temperature of the ent)ossjng roll: leO'^C, and processing rate: 2 nn/hfiinutBL 
The eni)ossing roll had an arithmetic mean of roughness (Ra) of 4 |im. 

[0139] The average reflectance (in the wavelength region of 450 to 650 nm), the haze, and the surfiace m^hanical 
strength (in terms of pencil grades) of the prepared film were measured, and found 1 .0%, 1 .5%, and H, respectively. 
[p140] Further, the surface roughness (Ra) measured by means of a scanning probe miacsoope was 0.10 |int The 
average pitch between a peak on the surface and a neighboring peak was 25 pm. and the average depth between the 
top of the surface curve and the bottom of the curve was 0.6 ^im. 

EXAMPLES 

[0141 ] The antkef lection film prepared in Example 2 (before the embossing process) was subjected to the entbossing 
process of anti-giare treatment described in Example 4. 

[0142] TTie average refledanoe (in the wavelength region of 450 to 650 nm), the haze, and the suilace mechanical 
strength (in terms of pencil grades) of the prepared film were me^ured, and found 0.35%, 1 .5%, and 2H, respectivelyL 
[0143] Further, the surface roughness (Ra) measured by means of a scanning probe microscope was 0.10 pnt The 
average pitch between a peak on the surface and a neighboring peak was 20 |im, and the average depth between the 
top of the surface curve and the bottom of the curve was 0.5 i»m. Vne contact angle to water was 35''. 

EXAMPLE 6 

[0144] Middle, high and low refractive index layers were formed on a hard coating layer in the same manner as in 
Example 2, except that the thickness of the low refractive index layer was 0.072 im. A solution of a aoss-GnkaUe fluo- 
rine polymer was coated on the low refractlvB Index layer to form a protective layer (thtekness: 0.02 |im). 
[0145] The obtained anti-reflection film was suk]jected to the embossing process of anti-glare treatment described in 
Example 4. 

[0146] The average reflectance (in the wavelength regfon of 450 to 650 nm) and the haze of the prepared fDm were 
measured, and found 0.35% and 1 .5%, respectively. 

[0147] Further, the surface roughness (Ra) measured t)y means of a scanning probe microsGope ms 0.15 pni The 
average pitch between a peak on the surface and a neighboring peak was 30 \im, and the av&age depth between the 
top of the ajrface curve and the bottom of the curve was 0.75 fim. The contact angle to water was 1 06^. 

EXAMPLE 7 

P)148] TTie anti-reflection film prepared in Example 6 was attached to a dispteiy surface of a liquid crystal display of a 
personal computer (PC9821NS^40W. Nippon Eledric Ca. Ltd.). As a resuK. the phenomenon of displaying a back- 
ground view on the surface was greatly reduced, and the displayed image was easOy observed. 
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Ctalms 

1 . An anti-reftection film oomprising a transparent support and a low refractive index coating layer having a refractive 
index lower than a refractive index of the support, wher^ the bw rdractive index cc^ng teiyer has a surface 

ff roughness fn tenrs of an arithmetic mean in the range of 0.05 to 2 pm, and wherein the low refractive index coating 
layer has an essentialiy uniform thickness. 

2. The anti-reflection fDm as defined in daim 1 , wherein the low refractive index coating layer has such a rough surface 
that an area of a roughness curve having a period of 1 to 10 pmismdrethan 1S% based on the total area of the 

70 rough surface. 

3. The anti-reflection film as defined in daim 1 , wherein the low refractive index coating layer contains micro partides 
having a mean partide size of 10 to 100 nm. 

75 4. The anti-reflection film as defined in daim 2, wherein the miao partides which are so depodted to superpose at 
least one micro partide on another micro particle, to form micro voids sunx)unded by the micro partides. 

5. The anti-reflection film as defined in daim 1 , wherein the low refractive index coating layer has a thickness in the 
range of 50 to 400 nm. 

6. The anti-reflection film as defined in daim 1 , wherein a high refractive index layer is further prodded between the 
support and the low refractive index layer, saM high refradive index layer having a refradive index higher than the 
refractive index of the support, and said high refractive index layer taring an essentially uniform thickness. 

^ 7. The anti-reflection film as defined in daim 6, wherein a ntiddle refractive index layer to further provided between the 
support and the high refractive index layer, said middle refractive index layer having a refractive index higher tiian 
the refractive index of the support and lower than the refractive index of the high refractive index layer, and said mid- 
die refmctiye index laya* having an essentially uniform thicknras. 

30 8. The anti-reflection film as defined in daim 6, wherein a hard coating layer is further provided between the support 
and the low refractiva index li^er, said hard coaling layer having an essentially unHbrm thickness. 

9. A prooess for the preparation of an anti-refleclion film oomprising the steps of: 

SB coaling a coaling sdution on a transparent support to form a low refractive index layer; and then 

eni)0S5ing the low refractive index layer to form a rough surface on the low refradive index layer. 
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FIG.1 




FIG.2 
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FIG.3 
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